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(54) SMART LIQUID FUEL SYSTEM WITH ABILITY TO SELF-DIAGNOSTICS

(57) A system 50 for predicting performance of a liq-
uid fuel system includes a processor 58 and a memory
60 communicatively coupled to the processor, wherein
the memory stores instructions which when executed by
the processor perform operations. The operations in-
clude establishing a baseline parameter for at least one
physical parameter of a nozzle or a valve associated with
at least one combustor of the liquid fuel system 16 with

at least one time. The operations also include obtaining
one or more operational parameters associated with the
liquid fuel system from one or more sensors 62 during
operation of a gas turbine engine 22. The operations fur-
ther include utilizing an operational model of a fuel flow
divider to output an action associated with the liquid fuel
system based at least on the baseline parameter and the
one or more operational parameters.
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Description

BACKGROUND

[0001] The present disclosure relates generally to
power generation systems. In particular, the present dis-
closure relates to an operational model for a liquid fuel
system.
[0002] A dual-fuel combustion system can burn both
gaseous fuel and liquid fuel. Typically, a dual-fuel turbine
system operates using the gaseous fuel, and the liquid
fuel is used as a backup fuel when the gaseous fuel is
not available. During operation on gaseous fuel, the liquid
fuel system is non-operational but may be remain filled
with a stagnant volume of distillate liquid fuel. Under
those conditions, corrosions and/or particle built-up can
form along the surfaces of the liquid fuel system (e.g., in
the flow divider, fuel nozzles, valves, etc.), which may
cause erosion/corrosion of the flow divider, clogged
valves, clogged nozzles, etc. These conditions may go
unnoticed and result in decreased productivity and reli-
ability of the combustion fuel system. While sensors may
be installed to monitor certain parameters of the liquid
fuel system, it is difficult for an operator to estimate the
real situation of the liquid fuel system for planned power
generation operations. As such, a predictive and self-
diagnostic model of the liquid fuel system integrated with
the power generation system may be desirable.

BRIEF DESCRIPTION

[0003] Certain embodiments commensurate in scope
with the originally claimed subject matter are summarized
below. These embodiments are not intended to limit the
scope of the claimed embodiments, but rather these em-
bodiments are intended only to provide a brief summary
of possible forms of the subject matter. Indeed, the pres-
ently claimed embodiments may encompass a variety of
forms that may be similar to or different from the embod-
iments set forth below.
[0004] In a first embodiment, a system for predicting
performance of a liquid fuel system includes a processor
and a memory communicatively coupled to the proces-
sor, wherein the memory stores instructions which when
executed by the processor perform operations. The op-
erations include establishing a baseline parameter for at
least one physical parameter of a nozzle or a valve as-
sociated with at least one combustor of the liquid fuel
system with at least one time. The operations also include
obtaining one or more operational parameters associat-
ed with the liquid fuel system from one or more sensors
during operation of a gas turbine engine. The operations
further include utilizing an operational model of a fuel flow
divider to output an action associated with the liquid fuel
system based at least on the baseline parameter and the
one or more operational parameters.
[0005] In a second embodiment, a system for predict-
ing performance of a liquid fuel system includes a gas

turbine engine comprising a plurality of combustors and
associated fuel nozzles, a fuel flow divider configured to
regulate fuel flow to the associated fuel nozzles, a proc-
essor, and a memory communicatively coupled to the
processor. The memory stores instructions which when
executed by the processor perform operations including
establishing a baseline parameter for at least one phys-
ical parameter of a respective nozzle or a respective
valve associated with each combustor of the plurality
combustors of the liquid fuel system with at least one
time. The operations also include obtaining one or more
operational parameters associated with the liquid fuel
system from one or more sensors during operation of the
gas turbine engine. The operations further include utiliz-
ing an operational model of the fuel flow divider to output
an action associated with the liquid fuel system based at
least on the baseline parameter and the one or more
operational parameters.
[0006] In a third embodiment, a non-transitory compu-
ter-readable medium has computer executable code
stored thereon. The code includes instructions for estab-
lishing a baseline parameter for at least one physical pa-
rameter of a nozzle or a valve associated with at least
one combustor of the liquid fuel system with at least one
time. The code also includes obtaining one or more op-
erational parameters associated with the liquid fuel sys-
tem from one or more sensors during operation of a gas
turbine engine. The code further includes utilizing an op-
erational model of a fuel flow divider to output an action
associated with the liquid fuel system based at least on
the baseline parameter and the one or more operational
parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advan-
tages of the presently disclosed techniques will become
better understood when the following detailed description
is read with reference to the accompanying drawings in
which like characters represent like parts throughout the
drawings, wherein:

FIG. 1 is a schematic illustration of a turbine system,
in accordance with an embodiment;

FIG. 2 is a block diagram illustrating a smart liquid
fuel system for predicting the overall health of a liquid
fuel system of the turbine system, in accordance with
an embodiment of the present disclosure;

FIG. 3 is a flow chart illustrating a method for devel-
oping an operational model, in accordance with an
embodiment of the present disclosure; and

FIG. 4 is a flow chart illustrating a method for utilizing
the operational model, in accordance with an em-
bodiment of the present disclosure.
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DETAILED DESCRIPTION

[0008] One or more specific embodiments of the pres-
ently disclosed embodiments will be described below. In
an effort to provide a concise description of these em-
bodiments, all features of an actual implementation may
not be described in the specification. It should be appre-
ciated that in the development of any such actual imple-
mentation, as in any engineering or design project, nu-
merous implementation- specific decisions must be
made to achieve the developers’ specific goals, such as
compliance with system-related and business-related
constraints, which may vary from one implementation to
another. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure.
[0009] When introducing elements of various embod-
iments of the presently disclosed embodiments, the ar-
ticles "a," "an," "the," and "said" are intended to mean
that there are one or more of the elements. The terms
"comprising," "including," and "having" are intended to
be inclusive and mean that there may be additional ele-
ments other than the listed elements.
[0010] As described below, model (e.g., operational
model of fuel flow divider) may be developed to make
diagnostics on the overall health of a liquid fuel system
for a power generation system and make probability pre-
diction of successful liquid fuel startup. The model may
be updated and trained overtime to make more accurate
diagnostics and predictions. The model for the liquid fuel
system may be connected to a service platform (e.g.,
cloud computing service, distributed control system, etc.)
to generate diagnostic/performance prediction reports,
maintenance recommendations, and operation adjust-
ments periodically. The model may be developed and
updated based on parameters/conditions collected dur-
ing operation of the power generation system, including
but not limited to fuel composition, fuel cleanness, oper-
ation duration, and various operation data of the liquid
fuel and power generation systems (fuel flow rate, fuel
pump pressure, temperatures, power output, compress
mass flow rate, etc.). In addition, correlation functions
may be established between various parameters. For ex-
ample, a correlation may be established for fuel flow rate
and exhaust spread temperature. In one embodiment, a
system for predicting performance of a liquid fuel system
includes a processor and a memory communicatively
coupled to the processor, wherein the memory stores
instructions which when executed by the processor per-
form operations. The operations include establishing a
baseline parameter for at least one physical parameter
of a nozzle or a valve associated with at least one com-
bustor of the liquid fuel system with at least one time.
The operations also include obtaining one or more oper-
ational parameters associated with the liquid fuel system
from one or more sensors during different operation

modes of a gas turbine engine. The said operation modes
include part load and base load. The operations further
include utilizing an operational model of a fuel flow divider
to output an action associated with the liquid fuel system
based at least on the baseline parameter and the one or
more operational parameters. As such, the model for the
liquid fuel system with ability to self-diagnostics may be
integrated into digital power plant to improve the power
generation reliability and availability, and contribute to
operation optimization and asset optimization.
[0011] FIG. 1 is a schematic of an embodiment of a
turbine system 10. As described in detail below, the dis-
closed turbine system 10 (e.g., a gas turbine engine) may
employ an end cover with fuel plenums, described below,
which may improve fuel distribution and improve system
durability, operability, and reliability. The turbine system
(e.g., dual-fuel turbine system) 10 may use liquid or gas
fuel, such as natural gas and/or a hydrogen rich synthetic
gas, to drive the turbine system 10. As depicted, fuel
nozzles 12 (e.g., multi-tube fuel nozzles) intake a fuel
supply 14 from a liquid fuel system 16 or a gaseous fuel
system 18, mix the fuel with an oxidant, such as air, ox-
ygen, oxygen- enriched air, oxygen reduced air, or any
combination thereof. Although the following discussion
refers to the oxidant as the air, any suitable oxidant may
be used with the disclosed embodiments. Once the fuel
and air have been mixed, the fuel nozzles 12 distribute
the fuel-air mixture into a plurality of combustors 20 in a
suitable ratio for optimal combustion, emissions, fuel con-
sumption, and power output. The turbine system 10 may
include one or more fuel nozzles 12 located inside the
plurality of combustors 20. The fuel-air mixture combusts
in a chamber within each of the plurality of combustors
20, thereby creating hot pressurized exhaust gases. The
plurality of combustors 20 direct the exhaust gases
through a turbine 22 toward an exhaust outlet 24. As the
exhaust gases pass through the turbine 22, the gases
force turbine blades to rotate a shaft 26 along an axis of
the turbine system 10. As illustrated, the shaft 26 may
be connected to various components of the turbine sys-
tem 10, including a compressor 28. The compressor 28
also includes blades coupled to the shaft 26. As the shaft
26 rotates, the blades within the compressor 28 also ro-
tate, thereby compressing air from an air intake 30
through the compressor 28 and into the fuel nozzles 12
and/or the plurality of combustors 20. The shaft 26 may
also be connected to a load 32, which may be a vehicle
or a stationary load, such as an electrical generator in a
power plant or a propeller on an aircraft, for example.
The load 32 may include any suitable device capable of
being powered by the rotational output of the turbine sys-
tem 10. The turbine system 10 may extend along an axial
axis or direction 34, a radial axis or direction 36 toward
or away from the axis 30, and a circumferential axis or
direction 38 around the axis 30. The fuel nozzle 12 may
contain or connect with an end cover having fuel ple-
nums, described below, which may improve fuel distri-
bution by feeding fuel directly into fuel injectors, which
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may feed fuel into tubes where it premixes with air before
being released to the plurality of combustors 20.
[0012] FIG. 2 is a block diagram illustrating a smart
liquid fuel system 50 for predicting the overall health of
the liquid fuel system 16 of the turbine system 10. The
smart liquid fuel system 50 may include a controller 52,
an operational model 54 (e.g., of the liquid fuel system
16 and of the fuel flow divider 66 in particular), and a
service platform 56 (e.g., cloud computing service, dis-
tributed control system, etc.). The controller 52 is com-
municatively coupled (e.g., data transfer, receiving and
giving instructions) with the service platform 56, the op-
erational model 54, and various components and sys-
tems of the turbine system 10 (e.g., liquid fuel system
16, flow divider 66 configured to regulate fuel flow to the
associated fuel nozzles 12, etc.) via wired or wireless
network or communication system. In some embodi-
ments, the controller 52 may be part of the service plat-
form 56 (e.g., cloud computing service, distributed control
system, etc.). The controller 52 has a processor 58 and
a memory 60 (e.g., a non-transitory computer-readable
medium/memory circuitry) communicatively coupled to
the processor 58, storing one or more sets of instructions
(e.g., processor-executable instructions) implemented to
perform operations related to the liquid fuel system 16.
More specifically, the memory 60 may include volatile
memory, such as random access memory (RAM), and/or
non-volatile memory, such as read-only memory (ROM),
optical drives, hard disc drives, or solid-state drives. Ad-
ditionally, the processor 58 may include one or more ap-
plication specific integrated circuits (ASICs), one or more
field programmable gate arrays (FPGAs), one or more
general purpose processors, or any combination thereof.
Furthermore, the term processor is not limited to just
those integrated circuits referred to in the art as proces-
sors, but broadly refers to computers, processors, micro-
controllers, microcomputers, programmable logic con-
trollers, application specific integrated circuits, and other
programmable circuits.
[0013] For example, the memory 60 may store instruc-
tions as to obtain information (e.g., physical parameters,
operational parameters, operational conditions, etc.)
from various components and systems of the turbine sys-
tem 10 and the smart liquid fuel system 50, and store the
obtained information in the memory 60. The information
may be collected via one or more sensors 62 of the liquid
fuel system 16, one or more sensors 64 of a flow divider
66, one or more sensors 68 of the plurality of combustors
20, one or more sensors 70 of the turbine 22, one or more
sensors 72 of the exhaust 24, and one or more sensor
74 disposed in close proximity to the turbine system 10.
In addition, the information may also be inputted by op-
erators or users (e.g., via the controller 52 and/or via the
service platform 56). For example, the one or more sen-
sors 62, 64, 68, 70, 72, and 74 may include, but are not
limited to temperature sensors (e.g., thermocouples, re-
sistance temperature detectors or RTDs, surface acous-
tic wave sensors or SAWs, etc.), pressure sensors (e.g.,

pressure transducers, pressure transmitters, piezome-
ters, pressure indicators, manometers, etc.), gas sensors
(e.g., infrared point sensors, ultrasonic sensors, electro-
chemical gas sensors, semiconductor sensors, electro-
chemical sensors, SAWs, etc.), flow sensors (e.g., flow
meters, thermal mass flow meters, ultrasonic flow meter,
etc.), accelerometers (e.g., high temperature accelerom-
eters), speed sensors (e.g., turbine speed sensors, mag-
netic speed sensors), position sensors, electrical current
sensors, voltage sensors, and timers.
[0014] The operational model 54 is communicatively
coupled with the controller 52 to output an action asso-
ciated with the liquid fuel system 16. The operational
model 54 may predict the performance of the liquid fuel
system 16 (e.g., successful liquid fuel startup, failure of
a specific component such as fuel valve, nozzle, or com-
bustor, etc.), make recommendation for maintenance of
a component of the liquid fuel system 16 (e.g., specific
fuel nozzle, flow divider, valve, or combustor, etc.), and
adjust an operation of one or more components of the
liquid fuel system 16. Furthermore, the operational model
54 may include expert experiences, physics based mod-
els (e.g., to perform fluid flow simulations) and analytical
models, a machine learning algorithm, an extrapolation
model and so forth, such that the operational model 54
can be updated and trained over time to be smarter (e.g.,
more accurate predictions, better recommendations,
etc.). Furthermore, the operational model 54 may include
a diagnostics module 76, which may report current state
of physical parameters of the liquid fuel system 16, report
the overall health of the liquid fuel system 16, issue rec-
ommendations for maintenance, and/or issue or adjust
an operation of one or more components of the liquid fuel
system 16. For example the diagnostic module 76 may
monitor and analyze the current operational conditions,
parameters and data from the turbine system 10 and the
liquid fuel system 16 (e.g., flow divider 66, nozzles 12,
etc.), and compare the analyzed results with the historical
records. The current operational conditions, parameters
and data may also be analyzed and compared with the
predictions of the operational model 54 and/or the expert
experience. The diagnostics may be issued based on the
comparison. In other embodiments, the diagnostic mod-
ule 76 may also issue recommendations to adjust the
operation conditions/parameters of the turbine system
and the liquid fuel system 16 (e.g., flow divider 66, noz-
zles 12, etc.) based on comparison.
[0015] It may be appreciated that the diagnostic results
issued by the diagnostic module 76 may also be fed back
to the operational model 54 to update/train the operation-
al model 54. In addition, the operational model 54, the
diagnostics module 76, and all data included thereof may
be stored in the memory 60 of the controller 52. In other
embodiments, the operational model 54, the diagnostics
module 76, and all data included thereof may be upload-
ed to the service platform 56 and stored in the service
platform 56 (e.g., upon instructed by processor 58 of the
controller 52). Authorized users may have access to the
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data, results/reports, the operational model 54, and the
diagnostics module 76 through the service platform 56.
Authorized users may also provide customer/user expe-
riences and expert experiences through the service plat-
form 56, and those information may be used to train/up-
date the operational model 54. As such, the smart liquid
fuel system 50 is integrated into digital power plant to
operation optimization, and online diagnostics may be
available to increase reliability and availability of the tur-
bine system 10.
[0016] FIG. 3 is a flow chart illustrating a method 90
for developing the operational model 54. One or more of
the steps of the method 90 may be executed by the con-
troller 52. The method 90 includes adapting historical da-
ta 92, adapting expert experience 94, and incorporating
fluid flow simulations 96 and other 98 (e.g., any relevant
information, data, and user/operator inputs) for generat-
ing model (step 100), wherein the model generated at
step 100 is an initial model of the operational model 54
that is subjected to further training/updating. The histor-
ical data may include but not limited to speed pickup of
fuel flow divider, fuel flow rate, fuel composition, fuel flow
divider pressure, differential pressure across oil filter, fuel
pump pressure, pump motor speed, pump current, pump
voltage, temperature upstream and downstream of the
fuel flow divider, exhaust spread data, ambient temper-
ature, control valve stroke, turbine speed, turbine com-
pressor mass flow rate, position feedback of stop valve,
a nozzle flow number, a flow coefficient (Cv), a flow ca-
pacity rating, number of hours of loaded operation, purge
duration, expert experience, or a combination thereof.
The expert experience may be any user or operator in-
puts related to operation of the liquid fuel system 16
and/or the turbine system 10. The method 90 also in-
cludes operating the fuel system as new or after mainte-
nance (step 102) and establishing a baseline (step 104)
(e.g., for at least one physical parameter of a nozzle or
valve associated with at least one combustor) at a par-
ticular time (e.g., when the fuel system is new or after a
maintenance). The data used for establishing the base-
line of the operational model 54 (e.g., with baseline pa-
rameters) are data collected while the the liquid fuel sys-
tem 16 is in operation right after a brand new flow divider
66 is newly installed or right after a major maintenance
event of the liquid fuel system 16. Specifically, the base-
line may be at least one baseline parameter for at least
one physical parameter of a fuel nozzle 12 or a valve
associated with at least one combustor 20 of the liquid
fuel system 16. Specifically, the physical parameters may
include a nozzle flow number, a flow coefficient (Cv), and
a flow capacity rating, etc., for each individual combustor
20.
[0017] The method 90 also includes operating fuel sys-
tem as normal (step 106) and collecting data from the
fuel system (step 108) while the turbine system 10 oper-
ates using the liquid fuel system 16, and providing col-
lected data into the model to develop the operational
model 54 of fuel system (step 110). The collected data

herein may be operational parameters associated with
the liquid fuel system 16 and/or the turbine system 10
collected via sensors (e.g., sensors 62, 64, 68, 70, 72,
and 74) during operation of the gas turbine system 10 or
physical parameters of the gas turbine system 10. The
operational parameters may include but not limited to
speed pickup of fuel flow divider, fuel flow rate, fuel com-
position, fuel flow divider pressure, differential pressure
across oil filter, fuel pump pressure, pump motor speed,
pump current, pump voltage, temperature upstream and
downstream of the fuel flow divider, exhaust spread data,
ambient temperature, control valve stroke, turbine
speed, turbine compressor mass flow rate, number of
hours of loaded operation, and purge duration, gas tur-
bine exhaust temperature spread at part load and base
load, etc. The physical parameters may include but not
limited to position feedback of stop valve, nozzle flow
number, a flow coefficient (Cv), and a flow capacity rating,
etc.
[0018] The operational model 54 may be developed
based on data correlations between any of the physical
or operational parameters set forth above. For example,
a correlation may be established between a fuel flow rate
and an exhaust spread. As a further example, a correla-
tion may also be established between one or more phys-
ical parameters and one or more operational parameters.
In addition, the operational model 54 may also be devel-
oped based on correlation between a variation in the one
or more physical parameters to one or more operational
parameters. Furthermore, the operational model 54 may
be developed based additionally on operator/user input,
and fluid flow simulations utilizing a physics based model
that was created in system design phase.
[0019] The method 90 further includes training and up-
dating the model (step 112). At this stage, the operational
model 54 is operable to predict specific parameters, con-
ditions, or changes in productivity of the liquid fuel system
16 based at least partially on data collected and correla-
tions developed up to step 110 (e.g., steps 100 through
step 110). For example, the operational model 54 may
be able to predict parameters such as flow rate, fuel com-
position, pressure drop at the flow divider 66, etc. at a
future time. For example, the operational model 54 may
be able to predict conditions such as liquid fuel leakage,
fuel cleanness, successful liquid fuel startup, etc. that
may occur at a future time. The predictions made by the
operational model 54 may be compared with the real sit-
uation/data for validation and training/updating of the op-
erational model 54. In addition, the operational model 54
may also be trained and updated based on one or more
physical or operational parameters set forth above.
[0020] FIG. 4 is a flow chart illustrating a method 130
for utilizing the operational model 54. One or more of the
steps of the method 130 may be executed by the con-
troller 52. The method 130 includes beginning operation
of the turbine system 10 (step 132), and performing di-
agnostics using the operational model 54 (step 134). Up-
on beginning operation of the turbine system 10, opera-
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tion conditions and parameters (e.g., operational and
physical parameters) may be fed into the operational
model 54 in an in-situ or substantially in-situ manner,
enabling the diagnostics module 76 issues diagnostics
(e.g., reports, updates, etc.) of the overall health of the
liquid fuel system 16. The diagnostics module 76 may
determine that the gaseous fuel system 18 is not avail-
able, and the turbine system 10 can proceed to success-
ful startup using the liquid fuel system 16. The diagnostics
module 76 may also determine that the gaseous fuel sys-
tem 18 is available, and the turbine system 10 can oper-
ate using only the gaseous fuel system 18. The diagnos-
tics module 76 may advice the operator to transfer gas-
eous fuel system 18 to liquid fuel system 16 to operate
turbine system 10, verse visa.
[0021] The method 130 also includes performing pre-
dictions (step 138), providing maintenance recommen-
dations (step 136), and adjusting an operation of at least
one component of the liquid fuel system 16 (step 140)
using the operational model 54. Concurrent with the tur-
bine operation, conditions and parameters are continu-
ously fed into the operational model 54 to update the
operational model 54 with the latest and concurrent con-
ditions of the turbine system 10. Accordingly, the opera-
tional model 54 can predict the overall health state, the
performance and/or specific parameters/conditions of
the liquid fuel system 16 at future times. For example,
the operational model 54 may predict that particular com-
ponent(s) of the liquid fuel system 16 (e.g., valves, noz-
zles, pumps, flow divider, etc.) may experience prob-
lems/issues in the future (e.g., in few days, weeks,
months, or years). For example, the operational model
54 may predict a probability of successful liquid fuel star-
tup if the turbine system 10 would operate using only the
liquid fuel system 16 in the future (e.g., in few days,
weeks, months, or years).
[0022] As mentioned, the operational model 54 may
also be utilized for providing maintenance recommenda-
tions (step 136). For example, as the operational model
54 is communicatively coupled to the service platform 56
if it was predicted that certain components(s) such as
valves, nozzles, pumps, flow divider, etc., may experi-
ence problems/issues after some time period (e.g., in few
days, weeks, months, or years, etc.), the operational
model 54 would issue maintenance recommendations
(e.g., communicated through the service platform 56 to
users/operators, etc.) to fix or replace the component(s)
before the occurrence of the predicted issues/problems.
In addition, the operational model 54 may be utilized for
adjusting an operation of at least one component of the
liquid fuel system (step 140). For example, the opera-
tional model 54 may predict that certain issues/problems
have occurred and sending commends (e.g., through the
service platform 56 and/or through the controller 52) to
shut down the operation of the turbine system 10. The
operational model 54 may also adjusting operation of any
components of the fluid fuel system 16. For example, the
operational model 54 may commend (e.g., commend sig-

nals sent through the service platform 56 and/or the con-
troller 52) to increase or decrease the flow rate of the
liquid fuel as to decrease the exhaust temperature spread
of the turbine system 10.
[0023] This written description uses examples to de-
scribe the present embodiments, and also to enable any
person skilled in the art to practice the presently disclosed
embodiments, including making and using any devices
or systems and performing any incorporated methods.
The patentable scope of the presently disclosed embod-
iments is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the
claims if they have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differ-
ences from the literal languages of the claims.
[0024] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A system for predicting performance of a liquid
fuel system, comprising:

a processor;

a memory communicatively coupled to the proc-
essor, wherein the memory stores instructions
which when executed by the processor perform
operations comprising:

establishing a baseline parameter for at
least one physical parameter of a nozzle or
a valve associated with at least one com-
bustor of the liquid fuel system with at least
one time;

obtaining one or more operational parame-
ters associated with the liquid fuel system
from one or more sensors during operation
of a gas turbine engine; and

utilizing an operational model of a fuel flow
divider to output an action associated with
the liquid fuel system based at least on the
baseline parameter and the one or more op-
erational parameters.

2. The system of clause 1, wherein the action com-
prises a prediction of the performance of the liquid
fuel system.

3. The system of any preceding clause, wherein the
action comprises a recommendation for mainte-
nance of a component of the liquid fuel system.

4. The system of any preceding clause, wherein the
action comprises a control action to adjust an oper-
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ation of at least one component of the liquid fuel sys-
tem.

5. The system of any preceding clause, wherein the
at least one time is associated with commissioning
of the liquid fuel system.

6. The system of any preceding clause, wherein the
at least one time is associated with a scheduled
maintenance of the liquid fuel system.

7. The system of any preceding clause, wherein the
instructions which when executed by the processor
perform operations comprising generating the oper-
ational model of the fuel flow divider based on at
least historical data.

8. The system of any preceding clause, wherein the
historical data comprises speed pickup of fuel flow
divider, fuel flow rate, fuel flow divider pressure, tem-
perature upstream and downstream of the fuel flow
divider, or number of hours of loaded operation,
purge duration, or a combination thereof.

9. The system of any preceding clause, wherein the
instructions which when executed by the processor
perform operations comprising generating the oper-
ational model of the fuel flow divider based addition-
ally on operator input, fluid flow simulations utilizing
a physics based model, fuel composition, or differ-
ential pressure across oil filter, or a combination
thereof.

10. The system of any preceding clause, wherein
the one or more operational parameters comprise
speed pickup of fuel flow divider, fuel flow rate, fuel
flow divider pressure, temperature upstream and
downstream of the fuel flow divider, exhaust spread
data, or number of hours of loaded operation, purge
duration, or a combination thereof.

11. The system of any preceding clause, wherein
the instructions which when executed by the proc-
essor perform operations comprising updating the
operational model of the fuel flow divider based on
the one or more operational parameters.

12. The system of any preceding clause, wherein
the instructions which when executed by the proc-
essor perform operations comprising utilizing the op-
erational model of the fuel flow divider in correlating
a fuel flow rate to an exhaust spread.

13. The system of any preceding clause, wherein
the instructions which when executed by the proc-
essor perform operations comprising utilizing the op-
erational model of the fuel flow divider in correlating
a variation in the at least one physical parameter to

the one or more operational parameters.

14. A system for predicting performance of a liquid
fuel system, comprising:

a gas turbine engine comprising a plurality of
combustors and associated fuel nozzles;
a fuel flow divider configured to regulate fuel flow
to the associated fuel nozzles;
a processor;
a memory communicatively coupled to the proc-
essor, the memory storing instructions which
when executed by the processor perform oper-
ations comprising:

establishing a baseline parameter for at
least one physical parameter of a respective
nozzle or a respective valve associated with
each combustor of the plurality combustors
of the liquid fuel system with at least one
time;
obtaining one or more operational parame-
ters associated with the liquid fuel system
from one or more sensors during operation
of the gas turbine engine; and
utilizing an operational model of the fuel flow
divider to output an action associated with
the liquid fuel system based at least on the
baseline parameter and the one or more op-
erational parameters.

15. The system of any preceding clause, wherein
the at least one physical parameter comprises a noz-
zle flow number for the respective nozzle.

16. The system of any preceding clause, wherein
the at least one physical parameter comprises a flow
coefficient, Cv, for the respective valve.

17. The system of any preceding clause, wherein
the instructions which when executed by the proc-
essor perform operations comprising utilizing the op-
erational model of the fuel flow divider in correlating
a variation in the at least one physical parameter to
the one or more operational parameters.

18. The system of any preceding clause, wherein
the at least one time is associated with commission-
ing of the liquid fuel system or a scheduled mainte-
nance of the liquid fuel system.

19. The system of any preceding clause, wherein
the instructions which when executed by the proc-
essor perform operations comprising updating the
operational model of the fuel flow divider based on
the one or more operational parameters.

20. A non-transitory computer-readable medium
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having computer executable code stored thereon,
the code comprising instructions for:

establishing a baseline parameter for at least
one physical parameter of a nozzle or a valve
associated with at least one combustor of the
liquid fuel system with at least one time;
obtaining one or more operational parameters
associated with the liquid fuel system from one
or more sensors during operation of a gas tur-
bine engine; and
utilizing an operational model of a fuel flow di-
vider to output an action associated with the liq-
uid fuel system based at least on the baseline
parameter and the one or more operational pa-
rameters.

Claims

1. A system for predicting performance of a liquid fuel
system, comprising:

a processor;
a memory communicatively coupled to the proc-
essor, wherein the memory stores instructions
which when executed by the processor perform
operations comprising:

establishing a baseline parameter for at
least one physical parameter of a nozzle or
a valve associated with at least one com-
bustor of the liquid fuel system with at

least one time;

obtaining one or more operational parame-
ters associated with the liquid fuel system
from one or more sensors during operation
of a gas turbine engine; and
utilizing an operational model of a fuel flow
divider to output an action associated with
the liquid fuel system based at least on the
baseline parameter and the one or more op-
erational parameters.

2. The system of claim 1, wherein the action comprises
a prediction of the performance of the liquid fuel sys-
tem.

3. The system of claim 1, wherein the action comprises
a recommendation for maintenance of a component
of the liquid fuel system.

4. The system of claim 1, wherein the action comprises
a control action to adjust an operation of at least one
component of the liquid fuel system.

5. The system of any preceding claim, wherein the at
least one time is associated with commissioning of
the liquid fuel system.

6. The system of any of claims 1 to 4, wherein the at
least one time is associated with a scheduled main-
tenance of the liquid fuel system.

7. The system of any preceding claim, wherein the in-
structions which when executed by the processor
perform operations comprising generating the oper-
ational model of the fuel flow divider based on at
least historical data.

8. The system of any preceding claim, wherein the his-
torical data comprises speed pickup of fuel flow di-
vider, fuel flow rate, fuel flow divider pressure, tem-
perature upstream and downstream of the fuel flow
divider, or number of hours of loaded operation,
purge duration, or a combination thereof.

9. The system of any of claims 1 to 6, wherein the in-
structions which when executed by the processor
perform operations comprising generating the oper-
ational model of the fuel flow divider based addition-
ally on operator input, fluid flow simulations utilizing
a physics based model, fuel composition, or differ-
ential pressure across oil filter, or a combination
thereof.

10. The system of any preceding claim, wherein the one
or more operational parameters comprise speed
pickup of fuel flow divider, fuel flow rate, fuel flow
divider pressure, temperature upstream and down-
stream of the fuel flow divider, exhaust spread data,
or number of hours of loaded operation, purge du-
ration, or a combination thereof.

11. The system of any preceding claim, wherein the in-
structions which when executed by the processor
perform operations comprising updating the opera-
tional model of the fuel flow divider based on the one
or more operational parameters.

12. The system of any of claims 1 to 10, wherein the
instructions which when executed by the processor
perform operations comprising utilizing the opera-
tional model of the fuel flow divider in correlating a
fuel flow rate to an exhaust spread.

13. The system of any of claims 1 to 10, wherein the
instructions which when executed by the processor
perform operations comprising utilizing the opera-
tional model of the fuel flow divider in correlating a
variation in the at least one physical parameter to
the one or more operational parameters.

14. A system for predicting performance of a liquid fuel
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system, comprising:

a gas turbine engine comprising a plurality of
combustors and associated fuel nozzles;
a fuel flow divider configured to regulate fuel flow
to the associated fuel nozzles;
a processor;
a memory communicatively coupled to the proc-
essor, the memory storing instructions which
when executed by the processor perform oper-
ations comprising:

establishing a baseline parameter for at
least one physical parameter of a respective
nozzle or a respective valve associated with
each combustor of the plurality combustors
of the liquid fuel system with at least one
time;
obtaining one or more operational parame-
ters associated with the liquid fuel system
from one or more sensors during operation
of the gas turbine engine; and
utilizing an operational model of the fuel flow
divider to output an action associated with
the liquid fuel system based at least on the
baseline parameter and the one or more op-
erational parameters.

15. A non-transitory computer-readable medium having
computer executable code stored thereon, the code
comprising instructions for:

establishing a baseline parameter for at least
one physical parameter of a nozzle or a valve
associated with at least one combustor of the
liquid fuel system with at least one time;
obtaining one or more operational parameters
associated with the liquid fuel system from one
or more sensors during operation of a gas tur-
bine engine; and
utilizing an operational model of a fuel flow di-
vider to output an action associated with the liq-
uid fuel system based at least on the baseline
parameter and the one or more operational pa-
rameters.
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